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In this paper, based on the polarization-Doppler factor result (Fan et al.
1997, paper I), relations between the polarization and the variation (m),
as well as the core-dominance (log R) are derived and used to analyse the
observation data of a 37-BL Lacertae-object sample. These correlations are
consistent with the statistical results, which suggest that the polarization, the
variation, and the core-dominance parameter are the indications of the beaming
eect.




BL Lacertae objects are generally described as a subclass of active galactic nuclei
(AGNs), showing rapid and large amplitude variation, variable and high polarization,
core-dominated non-thermal continuum. Some BL Lacertae objects show superluminal
motion and high energy gamma-ray emissions ( Angel & Stockman 1980; Antonucci &
Ulvestad 1985; Fan et al. 1996; Ghisellini et al. 1993; Hartman et al. 1999; Romero et al.
1995, Stickel et al. 1993; Takalo 1994; Wills et al. 1992; Xie et al. 1994, 1998). According
to the surveys, BL Lacertae objects can be divided into radio selected BL Lacertae objects
(RBLs) and the X-ray selected BL Lacertae objects (XBLs).
The observational properties of RBLs are systematically dierent from those of XBLs.
The latter have flatter spectral energy distribution from the radio through X-ray; a higher
starlight fraction; a higher observed peak of the emitted power from radio through X-ray
spectral energy distribution and convex optical to X-ray continua. Furthermore, XBLs
show lower polarization as compared with RBLs, they both occupy dierent regions in the
eective spectral index plot (see Morris et al. 1990; Junnuzi et al. 1994; Giommi et al.
1995; Sambruna et al. 1996; Fan & Xie 1996; Fan et al. 1997).
Observations show that the polarization in Mkn 421 is correlated with the brightness
of the source (Tosti et al. 1998), similar phenomenon was observed from 3C345 (Smith
1996). Do the observations mean that there is a correlation between polarization and the
variations? In this paper, we will investigate this correlation and explain it in terms of the
relativistic beaming eect. In section 2, the relation for the polarization and variation is
derived and the comparison between the prediction and the observed data are presented. In
section 3, we give some discussion and a conclusion.
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2. Model
Here, we summarize the main result of our previous paper (Fan et al. 1997, Paper I).
The observed flux, Sobj , of a relativistic jet is related to its intrinsic flux, S
in




where δ, the Doppler factor of the jet, is dened by δ = [Γ(1− βcosθ)]−1, β is the velocity
in units of the speed of the light, Γ = (1 − β2)−1/2 is the Lorentz factor, and θ is the
viewing angle. The value of p depends on the shape of the emitted spectrum and the
detailed physics of the jet (Lind & Blandford 1985), p = 3 + α is for a moving sphere and
p = 2 + α is for the case of a continuous jet, where α is the spectral index. We consider a
two-component model, in which the totally observed flux, Sob, is the sum of an unbeamed
part Sunb and a jet flux, S
ob
j . Assuming that the intrinsic flux of the jet, S
in
j , is some xed
fraction f of the unbeamed flux, Sunb, i.e., S
in
j = fSunb, we have S
ob = (1 + fδp)Sunb. If the
flux is not totally polarized in the jet, and it is not unreasonable to assume that the jet flux
consists of two parts, namely, the polarized and the unpolarized, with the two parts being
proportion to each other, i.e., Sinj = Sjp + Sjup, Sjp = ηSjup, where η is a coecient which
determines the polarization of the emission in the jet, then the observed optical polarization












and δo is the optical Doppler factor.
2.1. Correlation between the polarization and the variation
From relation (1), we can obtain following relation




where mob is the observed magnitude. As mentioned in the introduction section, BL
Lacertae objects are variable and core-dominant. The core-dominance can be expressed as
the core-dominant parameter, R, which is the ratio of the core to the extend luminosities.
In the core-dominant object, the observed (Sob) and the intrinsic (Sin) flux densities can be
related by Sob = Sinδ3+α, which suggests that the variabilities in both the intrinsic flux
density and the Doppler factor are responsible for the variation of the observed flux density.





Unfortunately, we do not know how the intrinsic flux density varies, so we assume that the
observed and the intrinsic flux densities are associated by a simple form mob = λ min. In
this case, we obtain a relation δ3+α = 10−0.4(1−λ)m
ob
. Therefore, we have





= 100.4λ(m1−m2) for the observations of any two epochs. For most objects,
there are no simultaneous observations for polarization and the flux density, but we can use
the maximum polarization (PMax) and the largest amplitude variation (mMax), for which
we have following relation
logP obMax(%) = 0.4λmMax + logPmin. (5)
where Pmin is the minimum polarization.
2.2. Results
From the available literatures, we have compiled the corresponding maximum optical
polarization, largest amplitude variation, and the core-dominance parameters for 37 BL
Lacertae objects and listed them in Table 1, in which Col. 1 gives the name, Col. 2 and 3,
the maximum optical polarization and the corresponding references; 4 and 5, the largest
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amplitude variation and the corresponding references; Col. 6 and 7 the core-dominance
parameter and the corresponding references.
PKS 1219+285 (ON 231), which has been observed for about 100 years, the early
data observed by Wolf (1916) show that the object was as bright as 12 magnitude, which
results in a largest amplitude variation of 5m.4. But the 3 points in the paper by Wolf
(1916) are perhaps not certain since they deviate from other observations by about 2m.3,
if we do not take the 3 early points into account, then the largest variation is only 3.13
(Fan & Lin 1999a), this value is adopted in the present work. For 1400+162, Jiang et al.
(1999) obtained the VLBI total (165 mJy) and core (114 mJy) fluxes at 5GHz suggesting a
core-dominance parameter R = 114
165−114 = 2.2. The relevant points are shown in Figure 1.
When least regression tting is performed to these 37 objects, a result
logPMax(%) = (0.12 0.02)m + 0.85 0.08
with a correlation coecient of r = 0.659 and a chance probability of p = 2.0  10−5
has been obtained. The best-t result shown in Figure 1 with a solid line implies that
the parameter λ = 0.3 and Pmin = 7.0%. In addition, the relation δ
3+α = 100.4(λ−1)m
ob
gives logRmax = 0.4(1 − λ)mMax + c1 since R = fδ3+α, here c1 is a constant
being associated with the minimum core-dominance, Rmin. The tting result λ = 0.3
predicts that logRmax = 0.28mMax + c1. When linear regression is performed on the
core-dominance parameter and the largest variation listed in Table 1, a best-t result,
logR = (0.31  0.11)m + 0.39  0.40 with a correlation coecient r = 0.45 and chance
probability p = 1% was obtained. Obviously, the predicted slope 0.28 is quite consistent
with the best-t result 0.31 0.11.
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3. Discussion
BL Lacertae objects are characterized by the observational properties mentioned in
the introduction section. The beaming model was adopted to explain both the particular
observational properties and some observational dierences between RBLs and XBLs (see
Xie et al. 1992; Fan et al. 1993, 1997; Fan & Xie 1996; Georganopoulos & Marscher 1999)
although the viewing angle alone can not explain the all dierence between RBLs and XBLs
(Sambruna et al. 1996).
It is nature for one to think that the particular properties observed from BL Lacertae
objects are associated with the beaming eect, and, if so, there should be correlation
between those properties. In 1996, Smith reported that the polarization in 3C 345 is
strongly correlated with the brightness. Very recently, Tosti et al. (1998) also found that
there is clear correlation between the variation of polarization degree and the brightness
during the Mkn 421 1997 outburst. But for most objects, the polarization and the variation
are not obtained simultaneously. Therefore we have chosen the maximum polarization and
the largest amplitude variations in our approach. It is known that the XBLs are not so
strongly beamed and the observed data can be taken as the intrinsic data to some extent
(Fan & Xie 1996). In this sense, the polarization of XBLs, which is  5% in the average (see
Jannuzi et al. 1994; Fan 1999), can be taken as the minimum polarization of BL Lacertae
objects. The best-t result for the polarization and the variation implies a minimum
polarization of 7%, which is consistent with the observation result of XBLs (Jannuzi et al.
1994). Our results indicate that the polarization is correlated with the variation and are
also consistent with the observational results in both 3C 345 and Mkn 421.
Polarization is found to be associated with the core-dominance parameter ( see Wills
et al. 1992 and reference therein) with high polarization corresponding to large log R.
From relation (3), one can get a relation between the polarization and the core-dominance
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parameter for a certain magnitude:
P = c(m)R / R
where c(m) is a parameter depending on the magnitude in the form c(m) = k100.4m.
Adopted c(m) = 0.01, 0.1, 1, 10, several curves are obtained and shown in the gure
2, the curves t the observational data well. The dierence of c(m) is from the dierence
of the magnitude amongst the objects. From the catalogue by Hewitt & Burbidge (1993),
the maximum magnitude dierence among the considered objects is 5m., which gives a
dierence of 100 in c(m), this value does not conflict with the dierence of c(m) adopted in
the present paper because BL Lacertae objects are variable. The variability of the objects
themselves should result in a larger-than 100 dierence in c(m).
We have tried to separate the data into three subgroups, i.e., the lower (m < 2m.0),
intermediate ( 2.m0  m < 4.m0), and higher (m  4m.0) amplitude variation
groups, and found that the higher amplitude variation group shows better linear relation
between the polarization (P ) and the variation (m). We suspect that because the P for
the sources in this group may be obtained when the sources are bright, therefore they have
similar magnitude (m). However, the sample of such group is small and the statistical
signicance is very low. More observations in the bright state will conrm the result.
From our analysis, we can say that the particularly observed properties of BL Lacertae
objects, such as the large amplitude variation, core-dominant, high polarization are
associated with the relativistic beaming model. Those properties are the indications of
beaming eect.
Recently, polarization was measured from the afterglow of gamma ray bursts (GRBs):
Popt  1.7% for GRB 990510 (Covino et al. 1999; Wijers et al.1999); Popt  2.3% for
GRB 990123 (Hjorth et al. 1999); PRadio  19% for GRB 980329 (Taylor et al. 1998);
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PRadio  8% for GRB 980703 (Frail et al. 1998). These measurements likely suggest that
the gamma-ray bursts are beamed (Gruzinov 1999; Hjorth et al. 1999; Rhoads 1999;
Panaitescu & Meszaros 1998; Sari 1999; Sari et al. 1999) similar to that of BL Lacertae
objects (Fan et al. 1997, Paper I).
In this paper, the correlation between the polarization and the variation is presented
and explained in the relativistic beaming frame for a BL Lacertae object sample.
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Table 1. Observation data of BL Lacertae Objects
Name ∆mMax Ref PMax Ref log R Ref
0048-097 2.7 FL99A 27.17 CH84 0.97 W92
0118-272 1.05 FL99A 17.0 M90
0215+015 5.0 P83 20. AS80 0.90 W92
0219+428 2.0 FL99A 18.0 FL99A 0.25 W92
0235+164 5.3 FL99A 43.9 ST93 2.25 W92
0323+022 1.3 F86 10.4 J94
0521-365 1.4 AS80 11. B83 0.01 W92
0537-441 5.4 FL99B 18.8 IT90 2.3 G93
0716+714 5.0 F97 29.0 ST93 0.88 T99
0735+178 4.6 FL99A 36.0 IT90 3.4 W92
0754+100 3.16 FL99B 26. IT90 1.14 W92
0818-128 3.78 FL99B 36. FL99A 0.23 W92
0823+033 1.41 FL99B 22.9 ST93 0.8 G93
0828+493 2.0 B90 7.9 KS90
0829+046 3.58 FL99B 20.5 VW99 1.07 W92
0851+202 6.0 F98A 37.2 ST93 3.5 W92
1101+384 4.6 FL99A 16.0 T98 1.0 G93
1144-397 1.92 FL99A 8.5 IT88
1147+245 1.0 FL99B 13. IM82 1.42 W92
1215+303 3.1 FL99A 14. W78 0.27 W92
1219+285 3.13 FL99B 20. E99 3.45 W92
1308+326 4.17 FL99A 28. ST93 1.70 W92
1400+162 2.8 Z81 14. AS80 0.34 ST
1418+546 4.8 FL99A 24. FL99A 1.77 W92
1514-241 3.0 FL99A 8.0 ST93 2.41 W92
1519-273 2.43 FL99A 11.4 ST93 0.9 G93
1538+149 3.7 FL99A 32.8 B86 0.95 W92
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References to the Table
AS80: Angel & Stockman (1980); B83: Bailey et al. (1983); B86: Brindle et al. (1986);
B90: Bozyan et al. (1990); CH84: Cruz-Gonzalez & Huchra (1984); C78: Craine et al.
(1978); E99: Emov (1999); F98A: Fan et al. (1998a); F98B: Fan et al. (1998b) FL99A:
Fan & Lin (1999a); FL99B: Fan & Lin (1999b); FL99C: Fan & Lin (1999c); G93: Ghisellini
et al. (1993); IM82: Impey et al. (1982); IT88: Impey & Tapia (1988); IT90: Impey &
Tapia (1990); J94: Jannuzi et al. (1994); KS90: Kuhr & Schmidt (1990); M90: Mead et
al. (1990); P83: Pettini et al. (1983); PE96: Pesce et al. (1996); SF97: Scarpa & Falomo
(1997); ST: see the text; ST93: Stickel et al. (1993); T99: Tian et al. (1999); T98: Tosti
et al. (1998); VW98: Visvanathan & Wills (1998); W78: Wardle (1978); W92: Wills et al.
(1992); Z81: Zekl et al. (1981)
{ 16 {
Table 1|Continued
Name ∆mMax Ref PMax Ref log R Ref
1652+398 1.3 FL99A 7.0 CH84 1.8 G93
1727+502 2.1 FL99A 6.0 FL99A 1.01 W92
1749+096 2.7 FL99A 32. ST93 2.83 W92
1749+701 1.40 B90 20.3 W92 1.10 W92
1807+698 2.23 FL99B 12. AS80 0.6 G93
2005-489 0.53 FL99A 2.0 SF97
2155-304 1.85 FL99C 14.2 PE96 0.66 W92
2200+420 5.31 F98B 23. ST93 2.41 W92
2254+074 3.27 FL99B 21. AS80 1.77 W92
2335+031 0.8 CH84 6. FL99A
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